Biochemical effects of high-frequency synaptic activity studied with in vitro slices.
Brain slices have a number of features that may be of value in the analysis of how physiological events affect neuronal chemistry. This paper discusses this topic and describes slice experiments concerned with the chemical events responsible for long-term potentiation (LTP) of synaptic responses found in hippocampus after brief episodes of high-frequency stimulation. Work with two variants of the slice procedure indicated that LTP is accompanied by an increase in the sodium-independent binding of [3H]glutamate to partially purified synaptic membranes; this effect very likely results from an increase in the numbers of a particular postsynaptic receptor. Stimulation that produces long-term potentiation also causes a significant change in the endogenous phosphorylation of pyruvate dehydrogenase (PDH), a key mitochondrial enzyme. Inasmuch as the phosphorylated state of PDH is strongly correlated with calcium sequestration by mitochondria, it is possible that LTP is triggered by a transient perturbation of the calcium buffering function provided by mitochondria. Low micromolecular levels of calcium increase glutamate binding to purified membranes apparently via the activation of a calcium-sensitive thiol proteinase. This mechanism could account for the increase in glutamate binding found in slices exhibiting LTP. These experiments suggest a possible explanation for long-term potentiation and indicate that slices can be used to detect at least some of the biochemical consequences of repetitive synaptic activity.